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Abstract 
The aim of this research paper is to compute 
the hydrodynamic and heat transfer 
characteristics of the air flow inside a flexible 
duct used for residential/small commercial 
buildings. Various new information which 
manufacturers do not provide usually are 
produced numerically among which heat 
transfer coefficient, needed for estimating heat 
loss, is a principal one. Circulation zones in 
depressions are found to exist. It is shown that 
these regions act as an insulator and decrease 
the heat loss along the duct. The results show 
that fully developed conditions exist much 
earlier with regard to the inlet for both 
hydrodynamic and thermal situations.  
Geometry 
Flex-Duct is indeed a cylindrical channel with 
several depressions and a 1 in insulation 
around it as shown in figure below. 
Governing Equations  
The system of governing equations consists of 
Reynolds averaged continuity, conservation of 
momentum and conservation of energy along 
with k-ε turbulent model equations. These 
equations are as follow respectively.   
Mesh and Mesh Independency 
In order to accurately capture small turbulent 
eddies as well as the near wall heat transfer, 
prism layer mesh is used near fluid-solid 
interface while all other regions are filled by 
polyhedral mesh.  
Pressure and Pressure Drop 
Static Pressure drop along the pipe shows a 
linear profile which demonstrates that hydraulic 
fully developed condition exist almost at the 
beginning of the duct. Latzko   suggests an 
estimate for the hydraulic entry length of a 
smooth pipe in turbulent flow regime using 
following imperial relation.  
𝐿ℎ
𝐷
= 0.623 𝑅𝑒0.25 
Which in this case predicts the L to be 4.075 ft. 
However, the graph exhibited shows that in a 
flex-channel this value reduces enormously.  
Pressure Drop 
Predictions of pressure drop are higher than 
manufacturer’s data. Only one set of data is 
produced by manufacturer for all kind of their 
products which arises some doubts in its 
applicability.  
Heat Transfer Coefficient 
We can visually note that the pattern of values 
for h in each depression is very similar 
indicating that thermal fully developed 
condition exists early in the flow development. 
Stream Lines 
As demonstrated below the flow field consist of 
two uniquely distinct regions: a vast core region 
with axial flow and depressions exhibiting 
purely recirculating flows. 
Summary and Conclusion 
• New CFD results for hydrodynamics and 
heat transfer have been presented. 
• New values of h (not produced by 
manufacturer) are presented indicating an 
increase over the smooth pipe correlation 
and as a function of Re number. 
• Pressure drops shows an increase over the 
manufacturer’s data indicating caution 
should be taken when designing air 
distribution systems using Flex-duct 
systems. 
Boundary Conditions 
Constant temperature and velocity at the inlet, 
convection heat transfer on the wall and flow 
split condition at the outlet are the assumed 
boundary conditions. 
h = 0.0036 Re0.8362 
R² = 0.9945 
h = 0.0035 Re0.8 
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k-ε model is fully described in CCM+ software 
manual. 
Grid independency is reached and 273,608 
mesh is chosen for production runs. 
y = -1.9466x + 6.1161 
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